
Lecture 2 Columbia University. ,ipril 8, 1964 

:hr:)mosome dr;:*+niza,ti'.,n and Puncti<,n in Eigher ~:r~;snisms. 

I. di view of diffe>ncl ,nces in the orc;,nization of Chr!!i:jos~;:;les in higher or; anism: 
-rppe ir:inces of chromoso .es at the pachytene st.i;;e of meiosis: 

Slide 1. The 10 bivalents in maize: i$lorg;zn photo. Nucleolus; nucleolus 
ore lnizing chro:~osor.;e(sm~ll knob). chr.7 with icab. 

chr. 5. knob; chr. 3 knob. Chromomere ne:z:r end of 
s';lort arm of chr. 4. Chr. '3 chromomere. Zhr. 6 chrome:>e. 
Centromeres. 

neavily staining regions ne zr centrom2res: Contain ge;:es. 
bW% 

Slide 2. The nucleolus chrotilosor,!e: Knob (b) positio;:; 'Jhe fus ed knobs . A 
Slide 3. The 10 chromosomes of Sorhgum - relative of nl:?,ize: The 

deep stsining regi ns nea:i> centromeres; The ghost .?srts to:$/ards 
ends. Zentromeres. 

Slide 4. Bermuda grass: The chromomeres; 
ciromomeres ); 

the dee,xstain;.n& re;l : s(he >vy 
the termi:ai knobs. 

Slide 5. ,Tom:ito chromosomes: Beep chronom-res ne ,.r cejltrome'>es; the 
ghost regions. Nucleolus chro :oso e: jlosition of centromere. 

Slide 6. Xntirrhinum (snapdragon). Heavy chro;.1om'.res; terminal knobs. 
Slide 7. Lueula. Chromome :ae organizatia; terniral knobs. 
Alide 8. Luzula. 

tilide 9. 22lvia glutinosa: Ghromom::re organization. 
Aiide 10. Salvia horminum: The large ChromOm.~res ne.ir centromeres. 
Slidesll.to 14. Neurospora - &ngus; l.leiosis - 50x longer than aoii;Aic 

nhn:Fixnoso .es ; tremendo,s growth in meiotic .~ropt~~~+~< e . 
ijlide 11: nucleolus ChTi)LiiOSO,.e. 
dlide 12: Shromoso;~:e 3 
dl-jde 13: dhr. 6 - "kl;o';s i' 
blide 14: chr. l- heterochro;';stin 

Slide 15: Cyclops (::opepod). (Germ line cell - prooh:ises. dnds - hetc?ro- 
C:‘lrOd’- tin. 

Slide 16: 'Jyclops - di2lotene; 
Slide 17: Sonlztic ;jrO,;xi;;e of &ye chroi,,oi;o:,.es. :'he termi,: ki-iabs , 

II. The position of the chron!oso;.!es in the so!;i:- tic and nei:>tic nuclei: 
inds of chro;,;i,s~,!.ies; centromeres; kllobs: -it the nucle-;.r membrane! ! 

III. The knobs: Present in -? l;,rge number of orEr;,nisr.is : th,.;,:e Wit;1 2 
general chromomere p:ittern with no distiiiet "he.t~roc'flro~l.-~tln" 
t \i I I e Y - 0 I-" s;ni z 3 t i 9 n ij neri,r c entromeres . 

1. Knobs examined in. detail only in maize; 
not so exrr;;liirLed. 

other org;:;.nizq31:3 &t-l-- k ,_o'cs 

2. rlnobs i;i c::li.ze : csn be very taaried: de ,ends on the r;AC:e of n‘-!ize, 



3. 'The knob-form ing; re;;i '11s in eL![::'h t e 2 c or a-: , 0 .Z :.. I “,>i es of ni:~iz e : 

Slide 18. ( 9 ) . ;y---- '..'. -' "': iae v rlation of ki obs at any one vositic;n: slide 19 (Kort; In r,l,oto) -".-_,. ..y_I__ 
Knobs 

(1) 
- 9; 7, 5; SI~!LL~~ Iiliob 6-a. 

No kn\ibs - 10, 8, 4, 3, 2, 1. 

(2). i.iediurn k:!ob, homozygous; chr. 5. dlides 20,.2$ p&.i*ll.-iil:** Y-w-c I 
jledium -l:r.ge I<nob; chr. 5. Slide 22 -- " -. . . . . Large knob, chr. 2. 

(3L dhrorilosoi:e9: No knob, small knob, medium knob; l-!rge knob: 
Alides 23 24 25. I__**-*..... ),-l-n.... -_. “2.” .-W.-Q- 

(4). heterozygous knobs: slides 26 and 27 
-..-IICI”.,_, ,. +-.aw.w,” WIF”. ,,<,.-.uI , 

4. The mode of action of the kn?b 
shape: 

-form ind regions: iontrols of Fize 2nd 

&ample: Slitie 28 - chr. 4 ..-,evd..s ,,...,a--^ 

5. 'Ihe proof of the kr;ob-form ing r;?gi.;ns: X-rays: cut into two 3.:?rts: 

Knob, short arm  of chr ~!:osome 9: 3esgganged chro.:o. F-). 
4=3 

” . . 
/f / 

;i 

b 
,ncy in generation after ;enei,,ation. 

FF. i'he rices of m :iize anti their chromosor.le differences, ,The :imeric:I.s. 

1'. Di.ffev(.:-m ':ces amo'g ears of the races: 
21 Knob constitutions: 

31ic;es 2~-~SCI,_~51. Small 3~2 -s-x- -.... I-rr,~ 
Gentr-1. .wwr"rr.-.. 

ALLmeriea; #iest coast of U1exico: 
Very 1Hrge krlobs at nejrly all knob form ing regi:!ns. 

3: The Abnormal chro:jlosome 18: In $est- rn liexico: 
? 

slide 32_ 

7. The coy:stitutitin of k:nobs in diffe nt t,.:les of cells: Peu!-$;en. ",arge ir.nob 
XeLtion to nuc1eLj.r membrane, 

6 wyw&&. ., 
-WZ. Conclusions on knobs: ilr'ot 3 cor.st,ant of ,enoty?e; rc. l,ions sk~ow s?,ecific 

genetic differences among races; inherited dii.fereA:es; redund&cy of 
p;lrts; ch:zn;es in constitution in differX?nt t;rrjes of ceY.ls~--~-- ' 
iv eed for furth,:r cytochemical studies. 

-,.+* General prevalence of k::obs in org nizms with particul r t,,ye of 
chroi::osoI,le organi:satAn. 

No knob vs. many lsrge knobs: no diffe:;::n..es ir; the ol.<ints; M O  
;Glown effects in the hybrids. 



IV. Nucleolus organizers: the organizers in maize: different sizes. 
uifferent -positions where nucleolus is organized at most rapid 

lo the redundancy in the nucleolus organizer: 
(a>. 'ihe maize case -- already examined. Ji:igram break and 

(b)."h' 
htJtww-8wI 

irmomous: similclr to maize - breciks 

(c) Aosophila rnelano,;;aster and buskii - same as maize. 

2. The need for the nucleolus: Assembly giant for ribosomes (31~~ from 

rate. 

fiction. 

genes in chronos ,i:.esl. "ethylation of transper RN+=. i~~~~\ 

3. Absence of nucieolus organizale - no nucleolus - many small nucleolus- 
like bodies; The genetic effect in Ghironomous and Lenopus. 

V. The centromeres: Redundancy 
Same result as in maizi; 

Jivisions into %o parts - several 0r~;anisris 
diYfe:,ent parts function, 

VI. 'The significance of redundancg: 

1. "hewn in the knobs of maize 
2. Shown in the nucleolus organizers 
3. Yhown in the ever present polyploidy in many organisms - especially 

recognized in plants. Some organisms with very great 
degree of redundancy of chromosoi:ie sets. 

4. Two major aspects of this: Safty measure - when something happens 
to major active part, other parts take over; 

Required for effecti.;e gene actian - as 
will be clear shortly. 

dart II. Regulation of ;;ene action, Structural 
level. 

I. Regui::tion of level of gene action through redundancy of genestwithin 
different cells of the same organisms, 

1. Increase in whole sets of chro:nos$:,es in different nuclei of same 
or(+nism: l'let:_ods 

(a). Polyploid nuclei - increase in sets; chronosoLles sep5;rated. 
(b) Polyteny - Replic:tion of chromoss es; remain together: 

Salivary gland type. 
(c) Combination of this: Lome sells of the cecidomyids. 

2. Increases in single Chro:Lloso,;;;es of the set: 
(de X chro,.:osol.ie i.1 Drosophila m%les: 

s& ;'?I& _ (&g' 
ilLI fern&es vx. Xi 

(b) “i;;gle chro,.osos.:e in dalivaries - Cecidomyid: 
3. Increases in p:irts of chromosq..,es: Droso hila I; chro,., sdme: 

Ganglia cells: ratio !L.:A: duchromatin 2 : 1 heterociromatin 
Saliv:ries II II If 50 :l II 

4. Increase in si gie bands (genes) in salivtries 
becomes active: Rhyncosciara; .drosophila. 

j-ust befo.'.;e 2;ene __.-.. 
SGGEic cells any 

males. 



II. Regulation of level of gene action t::rough reductin in gene potentials. 
1. Control of gene action ttrough loss of whole sets -- males. i.lany 

insect forms. 
2. ioiitrol of gene actio:' through loss of irLdividua1 chrJcr::osor:es - 

dxam>les given in x chro lL~~o;~~e of Zciara. 
3. Control of gene action through loss of heterochrom.%-Lie parts of 

chromosozes in the soma but not the germ l-Ine: Kany exa:;i pies 
of this in Lsects. 

III. Regulation in plants and animals: animals with their soma which 
dies 
some 

Zlants: 

hagexperimented with gene control in many different \:vrnys, 
described above. 

regeneration of parts occurs from somatic cells; regulation 
is more conservative. Cannot lose p'irts, increase of genes 
by rehuplication of gene itself; l'iust h :ve other method of 
co: irol of gene actil.jn. 

IV. The regulation of gene action through structural modificstigns within 
the nucleus. 

1. Level of the gene: -Removal of the histon - protein assi;ci ted with 
9% in order that gene be transcribed. 

2. Control of gene actian through condensation of the chrdrL:osor:ie parts: 
Levels: domplete condensation - metacihase chromosome t, 1-e: No 

RXA produced by met ghse condensed chro!:!osI;.e. 
'artial condensations - smaller ?a -ts of chrc,...jS. es. 

3. complete condensatio-. s: 
(a) vdhole set of chroaosomes : Coccid: i Ylide 34. Jde set. 
(b) X chro;.losomes in mammal? Reviewed previously. 

',*c*', . + (c) Position of co:-Ldensed chro ~oso,ies: at the nuclear membrane, -- 
4. Partial condensatins: JJiffel-ences in different cells of plants and 

m animals. Same ty-pe always fo;ind in same type of cell. 
(a). Very :zctive cells: Large nucleolus; chro:Alosomes not coy:de:sed; 

finely granular aithin the nucleus, 
(b) Nuclei with low gene action: small nucleoli; higUy granular 

chromatin, much of this at nuclear membrane0 Small nuclei, in 
general. 

5. Xxanlples of differential condensation: 
(a). Retina cells in 10 day old kitten. Slides 35 and 36, 
(b). Lymphocytes: slides 37 and 38: 

--rruD 
losition of coQ=d chromatin. _ __,_ -7 ,-w----- 




